Objectives: The societal contribution of emergency care in the United States has been described. The role and impact of academic emergency departments (EDs) has been less clear. Our report summarizes the results of a benchmarking effort specifically focused on academic emergency medicine (EM) practices. Results: Of 107 eligible U.S. allopathic, academic departments and divisions of emergency medicine, 79 (74%) responded to the survey overall, although individual questions were not always answered by all responding programs. The 79 responding programs reported 6,876,189 patient visits at 97 primary and affiliated academic clinical sites. A number of clinical operations metrics related to the care of these patients at these sites are reported in this study. All responding programs had active educational programs for EM residents, with a median of 37 residents per program. Nearly half of the overall respondents reported responsibility for teaching medical students in mandatory EM clerkships. Fifty-two programs reported research and publication activity, with a total of $129,494,676 of grant funding and 3,059 publications. Median faculty effort distribution was clinical effort, 66.9%; education effort, 12.7%; administrative effort, 12.0%; and research effort, 6.9%. Median faculty salary was $277,045.
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Conclusions: Academic EM programs are characterized by significant productivity in clinical operations, education, and research. The survey results reported in this investigation provide appropriate benchmarking for academic EM programs because they allow for comparison of academic programs to each other, rather than nonacademic programs that do not necessarily share the additional missions of research and education and may have dissimilar working environments. M odern economic pressures call for health care entities to demonstrate their value to society. The societal contribution of emergency care in general in the United States has been described. [1] [2] [3] The role and impact of academic emergency departments (EDs) have been less clear. In addition to providing around-the-clock emergency care to millions of acutely ill and injured patients annually, academic EDs drive the scientific advancement of emergency care and train the future emergency provider work force. Academic EDs stand to provide societal value through all three aspects of their tripartite mission of clinical care, research, and education.
The comprehensive demonstration of value of individual health care entities is challenging due both to inherent complexity and to potential validity limitations of proposed methodologies. 4, 5 Benchmarking, the comparison of performance against a standard within an industry, is one method that is broadly employed to measure and drive some components of value in U.S. health care. To date, most national health care benchmarking efforts applicable to emergency medicine (EM) have focused on physician salaries and several aspects of clinical quality. [6] [7] [8] [9] [10] [11] [12] While these are crucial components of the health care value proposition, they may not be sufficient to understand the full impact of academic practices. Furthermore, the commonly cited benchmarking surveys may have limited validity for benchmarking academic practices given the relatively low response rates in some and the inability to cohort academic departments.
Over 25 years ago, in an effort to address concerns of validity of commonly cited salary benchmarking surveys, the Society of Academic Emergency Medicine (SAEM) began conducting surveys focused only on academic EM practices. 13 In 2013, the Academy of Administrators in Academic Emergency Medicine (AAAEM) assumed these efforts by adding academic salary benchmarking to their ongoing work of benchmarking other key components of the value proposition of academic EDs. In 2016, AAAEM partnered with the Association of Academic Chairs of Emergency Medicine (AACEM) in this work. AACEM and AAAEM, founded in 1989 and 2009, are professional organizations focused on leadership and advancement of academic EM. AACEM represents academic EM through four membership statuses: active, associate, emeritus, and international. Active membership is comprised of chairs of autonomous academic departments of EM in Liaison Committee on Medical Education (LCME)-accredited medical schools in the United States or Canada. Associate membership is composed of directors and chiefs of divisions and sections of EM that serve as the principle designated institution of an accredited EM residency program in accredited institutions noted above. AAAEM represents academic EM through a single membership status including individuals currently or previously employed as an administrator or business manager in an academic department or division of EM, as defined above for AACEM. This report presents a summary of the most recent joint AAAEM-AACEM benchmarking efforts.
METHODS

Study Setting and Population
From October through December 2016, AAAEM-AACEM administered their benchmarking survey to U.S. and Canadian allopathic, academic departments, divisions, and sections of EM (departments, divisions, and sections collectively will be referred to as "programs," hereafter). Programs were considered to be academic and therefore eligible for the survey if, at the time of the survey distribution, they were a full academic department in an LCME-accredited medical school; a division or section of another department such as medicine or surgery in a medical school that hosts an Accreditation Council for Graduate Medical Education (ACGME)-accredited EM residency program; or a hospital-based department, division, or section that is affiliated with a medical school and hosts an accredited EM residency program.
14 Our investigation focused on the contributions of academic EM programs to U.S. health care. We excluded Canadian programs from our analysis and included only primary academic and academic-affiliate practice sites for responses related to clinical operations and salary data. Of responding academic programs, 13.9% also reported clinical and salary data for community and freestanding EDs associated with their program or health care system. The survey instrument did not clearly define criteria for these types of practice sites either if they were related to the extent of their affiliation with the academic program or if they were staffed by academic faculty. We excluded these types of clinical sites from our analysis.
Survey Development and Implementation
The AAAEM-AACEM benchmarking survey has evolved over nearly a decade to the version ACADEMIC EMERGENCY MEDICINE • April 2018, Vol. 25, No. 4 • www.aemj.org implemented in this report, which includes measurements of a variety of operational, financial, education, and research-related metrics. As in prior years, all newly proposed survey questions as well as survey questions from the prior year's survey were reviewed and refined by the AAAEM-AACEM Benchmarking Committee. The committee was composed of a total of 22 members, 20 of whom were administrator members of AAAEM and two chairperson members of AACEM. Topics and questions ultimately included in the final survey reflected financial, clinical, educational, and research benchmarking needs that were identified by the Benchmarking Committee members as well as AAAEM and AACEM general membership. Each question required committee consensus to be included in the survey. The committee also developed and approved detailed definitions of terms for survey questions to improve accuracy and specificity of survey responses.
The final, approved survey tool was distributed electronically on October 7, 2016, to department chairs, division chiefs, and administrators of all programs that met the inclusion criteria. Survey participants were given 75 days to respond. To maximize participation, notification of the survey was sent to subjects followed by one formal reminder to all participants on November 11, 2016. In addition, benchmarking committee members were assigned to each survey site to serve as consultants to assist with any questions and facilitate timely completion of the survey. This included ad hoc reminders for survey completion up to the survey deadline. Survey respondents were instructed that their responses should reflect only the previous academic year-July 1, 2015, to June 30, 2016. The respondents were made aware that their responses would not be anonymous to the membership but would be deidentified for the public and published releases of the survey results. Response to the survey was voluntary, but subjects were made aware that participation was required to access the detailed summary of the results of the benchmarking survey as well as their individual rankings compared to peer groups. Subjects electing not to participate would only have access to an executive summary. Responses related to salary information were only made available as a summary for each member, regardless of participation.
Survey subjects entered their responses into the electronic Novi Survey Web tool (Novi Systems). If a department or division had more than one clinical practice site at the time of the survey, they were asked to provide separate responses for each site. Practice sites were categorized as primary academic (full EM resident physician coverage), academic affiliated (partial EM resident physician coverage), community (no to minimal resident coverage), and freestanding (an ED not physically located in a hospital, regardless of resident physician coverage).
Subject responses were stored in a secure server. Data were not deidentified within the investigational database. Respondent identities and responses were available to the benchmarking committee and authors of this report. The Benchmarking Committee reviewed all survey responses, checking for missing, aberrant, or potentially erroneous data. Missing data and data that appeared to deviate from group norms were clarified with the submitter to ensure accuracy. If a survey question was not applicable to a participating department or if that data were not available for abstraction at that department, such data were left blank within the database. Data were deidentified within the database subsequently for the purposes of public reporting.
Data Analysis
We used Excel (Microsoft) and Tableau (Tableau Software) to calculate descriptive statistics including totals or medians, as appropriate, and interquartile ranges (IQRs). For all individual survey responses, we reported the number of programs or clinical sites responding to the question and calculated the response rate for that specific question using either the total number of responding programs or total number of practice sites as the denominator, as appropriate. For salary benchmarking, we calculated median and IQR for aggregated individual physician data across all programs and sites rather than by program or site as was done for other survey questions. Of note, with regard to salary data, programs reported salaries for faculty members with professional effort ranging from 0.5 to 1.0 full-time equivalents (FTEs). To report FTE salary benchmarks for faculty with reported effort of less than 1.0 FTE, their FTE salary was calculated by multiplying their reported salary by 1/their proportion of a full FTE. Also of note, we chose left before treatment complete (LBTC) as a key patient flow metric based on precedence in ED benchmarking literature.
9,10,15 LBTC includes the percentage of patients leaving prior to, or following, a medical screening examination and leaving against medical advice. While LBTC was not specifically queried in the survey, the three components of LBTC were. We therefore calculated LBTC by adding the responses for all three components of LBTC for each responding site. This investigation was reviewed and approved as exempt by the Johns Hopkins Medicine Institutional Review Board.
RESULTS
Of 107 eligible U.S. allopathic, academic departments, divisions, and sections of EM, 79 (74%) responded to the survey. Of the responding programs, 24 (30%) were located in the Northeast, 21 (27%) in the Midwest, 20 (25%) in the South, and 14 (18%) in the West, based on the Association of American Medical Colleges geographic criteria. 16 Twenty-eight (35%) responding programs reported multiple practice sites resulting in a total of 126 practice sites for which individual data were reported. Of these, 74 (59%) of were primary academic, 23 (18%) academic affiliated, 25 (20%) community, and four (3%) freestanding. The data set reported in our investigation was restricted to the 97 primary academic and academic affiliated practice sites. Of these, 79 (81.4%) were reported as being a Level 1 American College of Surgeons (ACS)-verified trauma center with nine (9.3%) additional reporting being verified as level 2 or 3. Sixty-three (64.9%) sites were reported as having a hospital transplant program.
Clinical Activity
During the 12-month reporting period, 6,876,189 patient visits occurred at 97 clinical sites. Medians and IQRs are shown for patient visits, proportion of EMS arrivals, proportion admitted to hospital, and triage acuity by Emergency Severity Index (ESI) 17 in Table 1 . Ninety (92.7%) clinical sites reported greater than 40,000 patient encounters during the reporting period. Table 2 summarizes key ED flow and operational metrics including: percentage of patients leaving the ED prior to treatment complete (LBTC), ED length of stay for all patients as well as those admitted and discharged, and ED boarding time-defined as time from decision to admit to departure from the ED. Table 3 reports clinical productivity measures including patients per hour, annual relative value units (RVUs) billed, RVUs per patient visit, RVUs per physician hour worked, and annual professional fee revenue from clinical operations, and Table 4 summarizes the payer mix of patients cared for in the responding EDs.
Some programs reported quality and patient satisfaction metrics including the Centers for Medicare and Medicaid Services (CMS) OP-21 (median time to time of initial oral, intranasal, or parenteral pain medication administration for ED patients with a principal diagnosis of long-bone fracture), 18 time from arrival to electrocardiogram, and Press Ganey patient satisfaction 
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scores including overall likelihood to recommend and the physician overall score. These results are reported in Table 5 .
Research Activity
Among the 52 (66%) respondents that reported their publishing activity, a total of 3,059 peer-reviewed publications were reported. The median number of peer review publications was 37 (IQR = 22 to 82). Fifty-five (70%) of the participating programs reported their grant submissions and rewards. A total of 1,026 grants were submitted with a conversion rate of 49.7% across all reporting programs. The median conversion rate was 47.8% (IQR = 36.7% to 73.3%).
Fifty-two (66%) programs reported a total of $129,494,676 of grant funding having been awarded to them during the reporting period, including the total value of multiyear awards. Grant sources included, in descending order of total amount awarded across all programs: the National Institutes of Health (NIH), industry-sponsored research, other federal grants, small foundation grants, research contracts (including subcontract agreements and device testing), other noncareer development grants, Agency for Healthcare Research and Quality, Patient Centered Outcomes Research Institute, Centers for Disease Control and Prevention, and career development grants (non-NIH).
Educational Activity
Of the 79 programs providing data on educational programs, all but two (97%) reported hosting at least one EM residency. (For the two programs that did not report these data, we did confirm that they had established EM residencies in good standing during the study period. They were not included in the residency- 
Faculty Effort and Compensation
The majority of the responding programs reported a breakdown of their faculty members' efforts in regard to clinical care, research, education, and administrative work ( Table 6 ). The answers were expressed in terms of percentage of the full-time-equivalents (FTEs) for the individual responding programs. There was no agreed definition of an FTE among the members of AACEM or AAAEM at the time. Sixty-seven (85%) of responding programs reported on faculty salaries for a total of 1,880 faculty members ranging from 0.5 FTEs to 1.0 FTE, not including chairs and chiefs. The median FTE salary across all 1,880 reported faculty salaries (defined as base salary, all supplemental bonuses, incentives, and overtime as applicable, but not including benefits) regardless of academic rank, and excluding chair and chief remuneration, was $277,045 (IQR = $246,205 to $315,183).
DISCUSSION
The 2016 AAAEM-AACEM benchmarking survey offers a comprehensive assessment of the value of academic EM programs. Seventy-four percent of the academic, allopathic EM programs in the U.S. reported clinical service, education, and research performance data. The results of the survey confirm that academic EM programs are an important and distinctive component of U.S. health care. Academic EM programs not only provide emergency care to patients, but they also add societal value through significant efforts in training our future EM workforce and advancing medical knowledge through research. Several other benchmarking surveys commonly are cited for purposes of benchmarking performance of academic programs. 6, 11, 12, 15, 19 The results of this report highlight that the applicability of these other surveys to academic practices may be limited by one or more of the following characteristics: low response rate for EM programs overall, being limited to provider compensation data only, inability to separately cohort academic practices and nonacademic practices, and not assessing all three components of the academic mission in a single study population. The Medical Group Management Association (MGMA) survey is focused on salary information and some financial and clinical data. The most recent MGMA data set only included 19 academic EM practices with 504 academic providers for salary data and only 12 academic practices for RVU data. 12 The AAAEM-AACEM survey included 67 academic programs with 1,880 academic providers for salary data and 89 academic practice sites for RVU data. The Association of American Medical Colleges (AAMC) faculty salary survey is limited to salary information but does include more academic practices than our study. 6 The number of EM programs included in the AAMC data is not specifically stated, but there are 108 EM chiefs and chairs included. Therefore, we presume that at least that many EM programs were included. The AAMC survey also included 2,877 providers (exclusive of chairs and chiefs), 997 more than our investigation. The National Hospital Ambulatory Medical Care Survey (NHAMCS) and ED Benchmarking Alliance (EDBA) Emergency Department Performance Measures have excellent response rates and provide comprehensive clinical operations data related to EM. 15, 19 Neither NHAMCS nor EDBA allow for separate assessment of academic practices, and neither includes information related to education or research efforts.
During our study period, 6,876,189 patients sought care at the 97 clinical sites included in this investigation. Using the most recent CDC figures to approximate national ED visits during our study period, our 20 despite the 97 sites representing less than 2% of acute care hospital EDs. 21 The cohort represented at least 19.5% of all of the nation's trauma centers and at least 24.9% of the nation's transplant centers. 22, 23 In addition to caring for many of the nation's complex trauma and transplant patients, there was also indication that the overall general patient acuity reported by the academic EDs in our investigation was higher and more complex than those reported in non-academic-focused surveys. Among the reporting sites, more than three-quarters of patients had an ESI classification suggesting that they had an urgent, emergent or immediately life-threatening condition (ESI 1-3; Table 1 ). This is remarkably higher than that reported in the non-academic-focused, 2013 NHAMCS, which documented only 56.3% of patients with ESI 1-3 acuity levels. 19 The potential for higheracuity patients presenting to academic EDs compared to nonacademic settings may also be reflected indirectly by the fact that our survey participants reported higher EMS arrivals and higher overall admission rates than the cohort reported in the 2015 EDBA data set. 15 EDBA reported 17.1% arrivals by EMS and an admission rate of 16.4% (+1.9% transfers). In relative terms, the median percentage of patients arriving by EMS and the median admission rate were 50% higher in our population than the means reported in the EDBA data set. It should be noted that the EDBA survey reported aggregated percentages for these data, whereas we reported the median percentage for responding programs. This potentially may limit direct comparison of the two data sets. However, we believe that the disparity of the data between the two surveys underscores the dedication of academic EDs to caring for highly complex patients with high acuity illnesses and injuries.
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In addition to the challenges of caring for more complex patients, academic EDs appear to face greater hospital flow constraints than nonacademic EDs. Median boarding time (admit decision until ED departure) in our survey (3.7 hours) was almost twice the median reported in the EDBA data (1.9 hours). 15 Our results indicate that academic EDs may face compounded flow constraints compared to nonacademic EDs. Academic EDs appear not only care for a higher proportion of patients who are admitted, but this higher proportion of admitted patients suffers longer boarding than its counterpart in nonacademic settings.
In the setting of heightened hospital flow constraints, it is not surprising that academic EDs are characterized by higher LBTC results. The EDBA survey reported LBTC, a commonly cited indirect measure of internal ED clinical operations, 9,10 to be 4.0% for EDs with greater than 40,000 annual visits. 15 Our investigation, in which the 90 (92.7%) of the clinical sites had greater than 40,000 annual visits, found the median LBTC rate to be 5.1% (Table 2 ). The LBTC results in our study were reported as medians among responding sites, potentially limiting direct comparison to EDBA. It does appear that academic EDs perform 25% worse in terms of LBTC compared to their nonacademic counterparts. However, this performance apparently comes in the face of having to manage the flow constraints resulting from over 50% more admissions and nearly double the boarding time for each admitted patient. These observations further underscore the limitation of direct comparison of clinical performance of academic and nonacademic programs.
In addition to clinical productivity, academic EDs also must focus on education and medical research. The proportion of efforts that academic programs contribute to each of the components of the tripartite mission is difficult to determine with precision. The results of our investigation do shed some light in this regard. A little over two-thirds of a faculty member's time is spent providing clinical care, and a strong majority spend more than 50% of effort in clinical service (Table 6 ). Most programs report significant contributions to education of residents and students, representing 12.7% of faculty members' time. Faculty effort in research endeavors was reported as about half that for education. While education effort tends to be more evenly distributed, the research effort is expected to be distributed among key faculty. It is possible that overall research effort is even less because not all programs reported on this metric. We hypothesize that programs with less research activity are less likely to report in this area. Nonetheless, research clearly remained one of the key aspects of academic departments, as evidenced by the large proportion of departments with active research programs and significant scholarly output. Seventy percent of participating programs reported grant submissions. Sixty-six percent of participating programs reported receiving grant awards valued at over $129 million in total. While all components of the tripartite mission certainly have current value, research and education may have disproportionate value for the future of emergency care in the United States. Thus research and education may be undervalued compared to clinical care, which provides immediate remuneration for a department.
LIMITATIONS
There are potential limitations of our investigation that warrant consideration when interpreting the results. While the overall response rate was favorable, response rates for individual questions within the survey varied. We observed that only a limited number of programs reported data for multiple academic sites. It is possible that some programs only reported data for their primary academic site despite also having one or more affiliated academic sites. This may have resulted in nonprimary academic sites being underrepresented in the data. We elected to exclude community and freestanding sites from our analysis because their characteristics were not clearly defined in the survey tool. Consequently, the extent of their relationship to the academic department was unknown. Anecdotally, a subset of academic programs is staffing community and freestanding EDs with academic faculty. The clinical productivity at these nonacademic practice sites may therefore be part of the total value proposition of some academic programs. Despite already showing significant clinical productivity for academic programs, our investigation likely even underestimates this contribution. Our investigation was intended to report a comprehensive but concise overview of academic EM practices to demonstrate the global value of academic EM programs. We chose to forgo more in-depth analysis of some aspects of the benchmarking survey, so there are some limitations in the detail of certain aspects of our report. As an example, we did not investigate regional variation in any of the metrics. We are aware of other investigative groups that are considering more in-depth explorations into some of the areas for which we have reported summary or key data only. Finally, the comprehensive value proposition of academic EDs includes several components not captured in our investigation. We included some quality measures such a patient satisfaction and time to pain medication administration in long-bone fracture, but these metrics alone do not reflect the entire quality and patient satisfaction performance of any department. In addition, the cost of running academic programs beyond provider salaries was not comprehensively reflected in this study.
CONCLUSIONS
Our investigation reveals that academic emergency programs are characterized by significant productivity in all three aspects of their tripartite mission: clinical care, research, and education. The AAAEM-AACEM survey provides appropriate benchmarking for academic emergency medicine programs because it allows for comparison of academic programs to each other, rather than nonacademic programs that do not necessarily share the additional missions of research and education and may have dissimilar working environments.
